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. 
. THE h?S CORD TIME-SHARING SYSTEM 

Thomas N. e k e ,  Jr. 

CORD is an operating system for a Cpmputer w i t h  @-Line @note 
L Devices, The system consists of an executive program designed t o  enable 
the dual-procssscr ?fOBDXC c m p t e r  fatilir;). with m l t i p l e  remote termi- 
nals t o  operate i n  a time-s,$ared mode. 
terminals, including t e l e t b e s  and display subsystems, programs and data  
can be entered into the system, program execution in i t ia ted ,  and r e su l t s  
returned t o  the terminals. 
the  system. 

A t  each of a number of remote 

A data base i s  available t o  a l l  users through 

This reference manual contains a l l  the necessary information fo r  
use of t he  CORD system from a teletype terminal. 
be accompanied by a short course on the system, most of the manual is 
self-explanatory. 

Althozgh designed t o  

Section I, CORD Operating Procedures, contains the Login Procedure, 
the method fo r  Entering System Commands, and a description of the avail- 
able System Commands. 
execution , 

Section I concludes with an out l ine of user program 

Section I1 is  a description of programs that can be run i n  the t ime-  
shared mode, The User Proprsm Machine Instruction Format is  followed by 
the  User Program Operation CodesI 
Cownznd Vectors, the means by which system carmoands are called from user 
programs. A sunmazy of Error Returns and Error Nurnbers accompanied by a 
l i s t i n g  of internal character representations concludes the  manual. 

N e x t  is a description of the CORD 

The contents of t h i s  manual describe the  system in  operational 
s ta tus  a t  NBS as of March 1966. 
act ivat ion of the d isc  f i l e ,  is ye t  to be f u l l y  operational. 
ments t o  t h i s  manual w i l l  provide up-to-date information concerning these 
and other extensions t o  be made t o  the  system. 

Part of the  basic system, including 
Supple- 
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I, CORD OPeRATING PROCEDURES 

The following procedures are for  access t o  the system through a 
local  OF remote teletype. 
same. 
special keys on the teletype and that e i ther  the teletype is local or 
that an appropriate remote connection has been made, 

For e i ther  a model 33 or 35 usage is  the  
Tlreae prccedtrro,~ asslaze that the user has knowledge of the  various 

For convenience in explanation, the following terminology w i l l  be 
used : 

l o  

2. 

30 

A l l  computer output w i l l  be underlined. 

%%e s p h l  $'J1' will represent the carriage 
return, 

The symbol "ctr1-n" w i l l  represent any key 
labeled n (i.e. n = A o r  B or 4 . 0 )  depressed 
while the control key is depressed. 

a, Login Procedure 

Type: CORD4 

System replies: USER 

Type: N" 2 c f w 1  3 user8 s identification) 

NOTE: All users of CORD muse be assigned an of f i c i a l  identification. 

System replies:  0 READY 
> - 

NOTE: The symbol '3" typed by the computer always means the system 
is awaiting a system coIlmand from the teletype. 

bo Entering System Command 

A system command may be typed whenever the system has j u s t  typed a 
IC consists of a coxaana name followed by a maximum of five para- t l y  

meters, 
or spaces and the  eatire cmznand is  terminated by gx, 

The command and parameter f ie lds  are separated e i ther  by coppm~8 
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In the following description of the  command formats certain t e r m i -  
nology is understood: 

1. 

2. 

3. 

4. 

5 .  

6 .  

Any command name may be typed as a single letter, 
the f i r s t  letter of the mame (Lee, A instead of 
ASSIGN) 

The letter "Fr' in  this  description represents any 
f i le  name. 
6 alphabetic or numeric characters. 

A f i le  name consists of from 1 through 

In all cases where "Fr' is used below, a copmym - f i l e  name of the form "C-F" may be used instead, 
where C is the name of a corrmoII f i le  category. 
Names of compon f i l e  categories may be obtained 
from any member of the CORD s taff  . 
The following t a b l e  is a l is t  of format 
abbreviations : 

A I A s c i i  

PAC I3 Packed Ascii 

0 Q Octal 

PR 9 Program 

C 5 Core 

T I Teleepe  

A l l  of these abbreviations can actual ly  be typed 
when entering system cmnands. 

A non-existent parameter is skipped. No f i e l d  
delimiting conmas need be inserted f o r  skipped 
f i e lds  . 
A l l  numbers used in this description are oc ta l  
(base 8 ) .  
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c , System CollEoands 

ASSIGN - assigns o filespace for  the user ia core, magnetic tape or  on 
teletype, 

F is  tEe of the filespace. It must not be the same as any other 
fi lespace belonghg t o  the user,  

Q is the format of the filespace. For a core filespace it map be: 
A, PAC, 0 ,  or PR. For I tape filespace it may be: A, PAC, 0,  For a 
t e l e q p e  fj-lespace it nay be: A. 

f3 is the medium of the fiLespace. it m y  be: C, T or M (magnetic 
2411, where 

For e core f€lespace, Y specifies the f i r s t  
tape) for whfck ttze tape tee: d e r  must also be specified. 
n is the gape ree i  number. 
address of tke SiIes?e.ce refat ive t o  the beginning of the user 's  work- 
space, 
f i lespace t h h t  is simply a st r ing of words, y is the maximum number of 
words in the filespace a d  6 is non-existent. For a tape fi lespace tha t  
is a string of records, Y is the number of records and 6 is the maximum 
number of words per record. 
Maximum record length i s  200 words. The maximum number of words in any 
tape fi lespace is 77600, 
exister,t. The ASSIGN serves t o  assign a symbolic name t o  the teletype. 

6 specifies the number of words i n  the filespace. For a tape 

There may be assigned a maximum of 377 records. 

For a teletype f i l e spacea ,  y and 6 are non- 

Note t h t  the allocation of space for programs and data is done i n  
tlgm of filespaces, private or pb:ic. 
fEle, pzovidfng i t s  le,rith is na longer than the filespace, 
c o ~ i e s  cnly the €ile--t3e actual data--within the named filespace, 

Into a filespace nay be moved a 
A move command 

KILL - k i l l s  or  deletes a fi lespace from the system, 

a is the name of the Silespace. 

Reference t~ a kil led filespace evokes t3e same response as if the 
f i l e  had never been assigned. 



MOVE - zmes 09 coFiea the contents of one fi lespace into another. 

For a move  of an en t i r e  fi lespace t o  another ,a  is the name of the  
f i lespace from which data  is being moved. 
t o  witrich data  i s  being moved. 
record t o  an en t i r e  filespace, a i s  the name of the  fi lespace from which 
data  is  being mowed. y is the 
name of %he f i lespace to which data is t o  be moved. 
For a move of an en t i r e  filespace to  a record of another, o! is the name of 
the  f i lespace frm which data is being moved. 
the fi lespace t o  wkich date  is being moved, 6 is the number of the record 
t o  which the data is being moved. 

B is the  name of the  f i lespace 
y and 6 are non-existent. For a move of a 

f3 is  the  number of the record t o  be moved. 
6 is E (for entire) . 

f3 is  E. y is the name of 

TQ be executed, the fi lespace or record which i s  being moved must 
contain a f i l e  of lepatfr l e s s  than or equal t o  the length of t he  f i lespace 
or  record into which t$e data is t o  be moved. 

Only magnetic tape f i les have the record-type move capability. 

For a move from teletype to core or magnetic tape, e i ther  of two means 
may be used t o  terminate the teletype input. 
Qped t o  f i l l  t he  fi lespace t o  which data  is being mved or an "am" or 
"ctrl A" key can be depressed, 

Either suf f ic ien t  da ta  is 

LIST - lists or pr in ts  the name, format, medium and oth.er information of 
a l l  f ilespaces belcnging t o  the user, 

For a l ist  of a l l  private f i l e s  of the  usero o! is non-existent. For 
a l ist  of all C m o n  f i l e s  i s n  any categoq, c1 is the m e  of that categorg. 

WORKSPACE - obtains a contiguous section of core memory f o r  the user. 

is the  number (octal) of words the user needs f o r  his program and 
If a! is 0 (zero) any core space he had is returned t o  the data  i n  core. 

s y s t ~ .  

Execution of a W automatically does a W, 0 first, so t ha t  a q t h i n g  in 
core must be stored on tape before en attempt t o  obtain a larger  area of 
core. 



* READ - reads from teletype i n t o  specified locations in  the user's work- 
space without the necessity of assigning filespaces. 

R, 01, B, Y 

a: is the f i r s t  address into which data is to  be entered (relat ive 
t o  the beginning of the workspace). 
be read. 

B is the maximum number of wards t o  
y is the mode of input. The mode may be: 

a) 0, octal  

b) PR, program ( a l l  words are relocated relative t o  the 
works pace) 

c) A, a s c i i  (one character per word) 

d) PAC, packed a s c i i  (6 characters per word) 

A t  any time an "ad1 (a l t .  mode) character depressed on the keyboard 
w i l l  terminate the comnando 
an 0 or PR read terminates the command a f t e r  the following carriage return. 

Likewise, input of a non-octal character during 

The format fo r  an octal  read is shown i n  the following examples: 

goes i n  as 

+7 i2 +000000000007 

63. +000000000061 

-4324 4 -000000004324 

4634-5731 I)  +000000005 731 

A62-3746045 -000003746045 

AD63 h +O (and terminates) 

+O00000000007 

+000000000006 L -000000000043 *7,6, -43 4 

-kThis optional format is legal only when used in  conjunction with moves 
associated with magnetic tape filespaces. 

For an A or PAC read most characters are  legal. 
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For a11 types of read, the "ctrl L" character or "\I '  backspaces 
one character : 

43 \ 6 40 

627 '$414 --$ 6414 

The "$' 
11,Il (alt  . mode) . 

f- 'I character causes a l l  input t o  be disregarded since the last 
The "ctrl A" character terminates the read immediately as does the 

PRINT - pr in ts  on teletype from specified locations i n  the  user's work- 
space * 

a is  the f i r s t  address from which data  is printed (relative t o  the 
beginning of the workspace), 
pr iri ted . i s  the output mode and may be: 

f3 is the maximum number of words t o  be 

d) PAC 

While a pr int  is i n  execution, depression of the  "am" key causes its 
immediate termination. 

GO - i n i t i a t e s  execution of the program i n  t he  user 's  workspace a t  t he  
specified location. 

For program in i t i a t ion  a t  any location within the workspace a is the 
address of the  f i r s t  instruction t o  be executed. 
continue where it last halted, a is non-existent. 

For the program t o  
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DUMP - d m p s  or prints the contents of the regis ters  associated with the 
user' s program. 

To d w q  any fzdex regis ter  c! is: 

Il f o r  index regis ter  1 

I2 
0 

. 
I3 for index regfstsr 5 

To dmp the A regiseer, CI is A. 

To dump the Q regis ter  a is Q. 

To dump the value of the program counter relative t o  the  user's 
workspace, a is  PC. 

To dump the number of words in the user's workspace, 01 is W. 

QUIT - logs user off system. 

This command ha l t s  m y  progrm belonging t o  the user that may have 
been ruining, executes a W, O and logs the user off the teletype console. 
To again activate the cansole the login procedure must be followed. 

d. Program Execution 

To i n i t i a t e  execution of any program the user must first have obtained 
a workspace. A program must then be loaded by a READ or MOVE command. Then 
a GO command begins execution. 

Once the program is started,  control of the teletype is  relinquished 
t o  the program. 
cause teletype input/outpxt 

It may, by appropriate execution of system conmands, 

To return control t o  the user at  azly time, depress the "am1' key. This 
action halts the program execution and causes CaRD t o  prepare f o r  input of 
e systea conmaEd from the  teletype. 
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11, USER PXOGRAmS 

a, User Program Machine Instruction Format 

The format nf instructions ir. a user  program Is: 

Each block i n  t h i s  diagram is an octal d i g i t  (3 b i t s )  except f o r  t he  
s ign (1 b i t :  1 i f  0 i f  +). 

The OP f i e l d  specifies the two d i g i t  operation. 

y specif ies  an index reg is te r  1-7 or is 0 i f  the operand is not 
indexed 

cx is the  address of t5e operand (indexed by y). 

@ has significance for the "RI and some system connnands. 

I .  

I 

Certain operations mrked by an a s t e r i sk  (*) i n  the following User 
?rogram Operation Cgdes take considerably longer t o  execute than others, 
due t o  the hardware-software system protection mechanism b u i l t  in to  CORD. 
Other operations than these should be used when possible t o  speed up 
program execution . 
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Code - 
10 
14 
11 
15 

*50 

*5 1 
12 

16 
13 

17 
20 

21 
32 

30 
31 
03 
02 

04 
*O 

%5 

.k66 

*44 

*57 

*53 

*54 
00 

Mnemonic Description 

C I A  

CLS 
CAM 
CSM 
S!lR 

LOD 
ADD 
SUB 

ADM 

SBM 
MLY 
MLR 
!mR 

SHL 
SLL 
I&A 

LGM 

LGN 
mu 
TRZ 
TRN 

au! 

TRY 

TRI 

TSX 
HLT 

(a) 4 A 
-(a) A 
1 (a) 1 + A 
-1 (a) 1 - A 
A 4 (a) 
(a) + reg B* 
A + (a> + A 
A - (a) + A 
A +  1 (a) 1 + A 
A - 1 (a) 1 A 
Q X (a) -7 A, Q 
Q X (Q) --3 A 

Shift A r ight  a b i t s  

Shif t  A left 2 b i t s  

s h i f t  A, Q left a b i t s  

A log add (a) --;5. A (or) 

A log m u l t  (a) "3 A (and) 

Complement (a) A (1's comp.) 

Transfer unconditionally t o  a 
Transfer if I A J  = o t o  a 
Transfer if sign A = "J' t o  a 
Transfer if sign A = "+" t o  a - 1 

Y 

my; (see note A) then 5 

Ix + 1 *  my 

i € I x  S O , P c + I  - 3 P c  

else (a) + PC 

PC + 1 + PC else (a) * PC 
P C + 1  + M (a) +9 Pc 

Y' 
H a l t  - user program, not actual computer 

; then if IX 2 (B), 
Y Y 
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User P r ~ g r a ~ ~  Operation Codes (continued) 

Jwrlregisters specified in 8 can be: 

OOO1 Ea. 
0002 ix2 

0003 1x3 

0004 3x4 
0005 rn 
0006 1x6 

0007 1x7 
0010 ACCpna 

0011 Q 
reg is te rs  specified in 0 can be: 

*70000 plus zero 
70001 Ixl 

70002 1x2 

70003 1x3 

70004 1x4 
70005 1x.5 

70806 I% 
78007 1x7 

70010 ACCrrm 

70011 Q 
Wet& only, cannot be writ ten into. 

For al l  instructions having as operand address a location in the 
workspace, the sign of the instruction mst be - . This inforprs the 
system ehat relocation w i t h  respect t o  the workspace is necessaqr. 
s h i f t  coxmands, the 33 and the 56 teletype I /O compBnd must have + signs. 

A l l  operations except TRY, TRI and TSX may be indexed (address 
modification). 
it is executed, 
index reg is te r  does not contain zeroek in the  op, y and 8 f ie lds .  

sign. 

The 

The contents of Ixy are added t o  the instruct ion before 
Beware  of unpredictable instruction modification if an 

Note A: The TRY instruction decrements (my) regardless of its 
If (+) = 0, P t  is not decremented and PC + 1 a PC, 
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Several sysE;glrm ccmxmnds can be called 5y a user program by 
execmtIon of a 33 operation, The calfhi  hstruction has as its 
operand address a ~o$.xIZ= to the f irs t  vozd oE a camnand vector. 

The f i rs t  ( O a )  word of the vector &a the ccmnand number and the 
remahing words are parameters. Since ccmmnds require dffferent 
Mgigbers of paraneters, the lengtb of the vector varies frolg compapd t o  
ccmxwmd. A l l  vector entries are right Justified in the words, 

Consnand Vector 

ASSIGN 0. 2 

1. a] 3.f cae. file, cat, no,; b) if not, 0 

2. f i le  name 

a, r'oanat 
4, magm 

5 ,  
6. a) if shplhe file, 0; b) 
5 ,  
6 ,  no. words i n  file 

a) %f simple fife!, EQ. worGs; b) if rec,, no recs. 

1st address of file re2. t o  workspace 

tape 
if rec,, no words per rec, 

core 

A s h p l e  f i l e  Is a strPng of ma~dsr, A record-oriented f i l e  i s  a string of 
records, each c ~ n n t d d ~ g  a swing of words, 

22 ascii 
55 octal 
65 PAC 
67 program 

01 core 

05 teletype 
If display  

04rmm.1 mag, tape (rarma is tape reel 
n d a )  

0,  13 
1, a) cat, fi ls ,  cat. em,; b) if not, 0 

2, f i l e  name 



MOVE 

e 

Vector 

0 ,  15 
1, a) if cat,, cat,  no.; b( if not, 0 

2. f i le  mme 

3, a) i f  ent i re ,  0;  b) if rec., rec. no, 
4, a) if cat., ca t  no.; b) if not, 0 

5 ,  f i le  name 
6.  a) if entire, 0 ;  b) i f  rec,, rec, no, 

0,  20 

1. first address 

0,  22 

1. first address 

2, max. no. words 
*3. format (same as ASSIGN) 

*An ascii or PAC read is w u a l l y  terminated by a crrl A character, 
However, if a 7 is placed r igh t  jus t i f ied  in the beta f i e l d  of the  format 
word (word 3 of the  vector) a carriage return terminates the coprmand. 

DUKF 0 ,  4 
1, register 

reg is te r  options: 26 A 
27 E Q 
30 PG 
3n S IXn (i.e. 31 is I X l )  

2 a W (prints no, words in workspace) 

* 13 .. 



. The follaairi table shows the moves allowed in  the present CORD 
System. 

I .  



Exmqle of system ccmr;lhz~d ca l l :  

10: +330000000820 
20: 20 p r i n t  

21: 30 address 
22: 3 no. words 

23: 55 octo format 

This comnand in location 18 prints  3 words from 30, 51, 32 i n  octal  
format, 

Shortened Teletype 1/0 Call 

To c a l l  for teletype input or output with a single instruction with- 
out vector, execute a 56 operation, The instruction is of the  form: 

(r indexed by y is the relative s tar t ing address. I 

n is the number of words. 

T specifies the -de: I 

T: 0 read octal 
1 read m c i i  

2 read PAC 
3 read ascii (ear. ret. termination) 

4 read FAC (car. ret, termination) 

5 print  octal  

6 print  ascii 
7 pr in t  PAC 

An example: +560700288810 

This instruction pr ints  2 words of packed ascii fromwords 10 and 
11 of the  workspace (relative) , 
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d. Error R e m  

Upon completion of a system cermnand called by a user program, 
control normally returns t o  the next instruction i n  the user program. 
H o w e v e r ,  if an error occurs--ff the calling vector is incorrect or  if 
sane Eaalhnctisn occurs-there may be an error re turn from the system 
c-nd call. 

Such an error  causes program control t o  be transferred t o  the user's 
error return loeation. 
last word of the  workspace. When the workspace is assigned t o  the uses 
a halt instruction is placed there. 
this instruction by a transfer to an error  recovery procedure. 

Usually, this location is the fourth frm the 

me user has the option of replacing 

When control transfers t c  the error return location, the three words 
bolllowing t h i s  location contain: 

location + 1: location of conrmand call causing error. 

location + 2: mmber of colpmand. 

location + 3: er ror  number. 

The contents of these locations nrap be printed out by the user or they 
may be used by the  p r o g r d  automatic error  recovery procedure. 

If the user desires It0 change the error  return location he may execute 
an ERROR ccxmand, giving as parameter the relative address in the workspace 
t o  which be would Bike control transferred. (The error  infansation w i l l  be 
planted in Che three words foPPowiatg t h i s  address.) 



I 

1 
4 
5 
6 
7 
101 16 

11 

13 

17 
21 

22 

23 

24 
25 
27 
31 

32 
33 

43 
44 
45 

Illegal Parameter 
Illegal Corrmand 

Input/Outpt System Error 
Tape Fornust System Error 
Duplicate F i l e  
Prn Table rnll 
N o n - e x i s  tent Fi le  
System Error 
Tape N o t  M c x x i t e d  

Ha6h-S- System E r r o r  

F i l e  Name-Number Conflict SystePl Error 
Not Implem@ntd 

Illegal Move 
Tape F i l e  Already Killed System Error 
mn-@iistent Category 

Non-Octal Format 

Excessive Input-Last Record Truncated 
oats ide  Workspace 
Reereneed Mag. Tap Busfr 

Cme F i l e  Exceeded 

FIN T a b l e  - Tape Conflict System Error 



f. @&)IRD User Processor Internal Character Representations 

PACKED 
ASCII ASCII - PAC= 

A S C I I  
+5GOQ03800000 SPACE 40 
+5020000~000 : 41 

- +680000000000 @ 
+602000000000 A 01 

02 
03 

+6~OOOOOOOOO B 
+6060000QoooO C 

L 

+51200moooo a 45 
+524900000000 & - 05 +612oooO00000 E 

+6140OOO00000 F 06 - _  

i-616000000000 G 07 

12 +624Q00000000 J _ _  
+626000800000 K 13 

14 +630000000000 L 
15 +632000000000 M 

+5 36000080800 / 57 _ _  

+540000QWWO 0 60 
1 61 +54200000(3000 

20 +64oooo0Ooo0O P 

+544000000000 2 62 
+546000000000 3 63 
+55(3300000000 4 

+6460ooOOOooO s 23 
24 
25 

+650000000000 T 
+652000000000 u - 

26 +654000000000 V 
27 
30 

+656000000000 W 
i5600800000OQ X ~. 

31 +662000000080 Y - --  
32 

t 33 
+664ooooooo0O 2 
+666000000000 
+670000000000 < * .. 
+672000000000 1 35 - 

36 +6740000oooO0 f 
+676000000000 e* 37 

*Control characters during input 
may be used only for output. . 
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